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PURPOSE: To provide an optical compensating means for 
expanding the visual field angle of the perpendicular orientation 
type liquid crystal display device in which liquid crystal molecules 
are arranged perpendicularly to substrates. 
CONSTITUTION: This display device has a liquid crystal cell (10) 
which has positive optical activity with the direction perpendicular 
to the substrates 3, 5 as its optical axis, the optical compensating 
means 9 which has negative optical activity with the direction 
perpendicular to the plane as its optical axis, a 1st retardation plate 
2 which has positive optical axis with one direction within the plane 
parallel with the substrates 3, 5 as its optical axis and generates a 
phase difference of nearly a quarter wavelength, a 1st polarizer 1 
which has the axis of polarization in the direction having nearly 45° 
with the optical axis of the 1st retardation plate 2, a 2nd retardation 
plate 6 which has negative optical activity with the direction nearly parallel with the optical axis of the 1st 
retardation plate 2 as its optical axis and generates a phase difference of a nearly quarter wavelength, 
and a 2nd polarizer 7 which has the axis of polarization in the direction nearly orthogonal with the axis of 
polarization of the 1st polarizer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal cell which has the forward optical activity to which a nematic liquid crystal arranges 
almost at right angles to a substrate, and uses a direction perpendicular to a substrate as an optical axis in the 
condition of not impressing electric field, An optical compensation means to have the negative optical activity 
which adjoins a liquid crystal cell, is arranged and uses a direction perpendicular to a field as an optical axis. The 
1st retardation plate which it is arranged [ plate ] at said one liquid crystal cell side, has [ plate ] the forward optical 
activity which uses the one direction within a field parallel to said substrate as an optical axis, and produces the 
phase contrast of wavelength mostly (1/4), The 1st polariscope which is arranged outside the 1st retardation plate 
and has a polarization shaft in a field parallel to said substrate in the direction which makes the optical axis of said 
1st retardation plate, and the include angle of about 45 degrees. It is arranged at the another side side of said liquid 
crystal cell, and has the negative optical activity which uses an almost parallel direction as an optical axis to the 
optical axis of said 1st retardation plate in a field parallel to said substrate. The perpendicular array-type liquid 
crystal display which has the 2nd retardation plate which produces the phase contrast of wavelength mostly (1/4), 
and the 2nd polariscope which has a polarization shaft in the direction which is arranged outside said 2nd 
retardation plate and intersects perpendicularly with the polarization shaft of said 1st polariscope mostly in a field 
parallel to said substrate. 

[Claim 2] With the plate of the optically uniaxial optical medium of the pair arranged on central structure including 
an optical compensation means to have the negative optical anisotropy which uses as an optical axis a direction 
perpendicular to the substrate and field of the pair which demarcates the space in which liquid crystal can be held, 
and said central structure One side is an optical compensator for liquid crystal displays which has the forward 
optical activity which uses the one direction within a field as an optical axis, and includes a phase shift means to 
have the negative optical activity which uses as an optical axis the direction where another side is parallel to said 
one direction. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the compensation means for expanding the angle of visibility of 
the perpendicular array-type liquid crystal display which especially a liquid crystal molecule arranges at right 
angles to a substrate about a liquid crystal display. 
[0002] 

[Description of the Prior Art] The HOMEOTORO pick liquid crystal display which the liquid crystal molecule 
arranged almost at right angles to a substrate as a kind of a liquid crystal display is known. For example, a 
rectangular polarizer is arranged on both sides of a HOMEOTORO pick liquid crystal cell. 

[0003] In the OFF state by which an electrical potential difference is not impressed to a liquid crystal cell, without 
being influenced in a liquid crystal cell, the light which penetrated one polarizer reaches the polarizer of another 
side, and is intercepted with a rectangular polarizer. 

[0004] However, if it is satisfactory in the case of a perpendicular light, but an incident angle increases to a 
substrate, the light by which the polarization condition of incident light is influenced by the form birefringence of 
liquid crystal, and should be intercepted will come to penetrate the polarizer of another side. For this reason, the 
contrast of an ON state and an OFF state falls and it comes to produce even reversal of monochrome condition 
further. 

[0005] For this reason, the angle of visibility of the perpendicular array-type liquid crystal display which the liquid 
crystal molecule arranged almost at right angles to a substrate front face will be restricted remarkably. In order to 
expand an angle of visibility, using an optical compensating plate is proposed. 

[0006] Drawing 3 shows one gestalt of optical compensation of a perpendicular array-type liquid crystal display. In 
drawing 3 , the liquid crystal cell 12 constituted using the substrate 13, the liquid crystal layer 14, and the substrate 
15 is arranged following the polariscope 1 1 by the side of incidence, the optical compensating plate 16 is arranged 
in parallel with this Hquid crystal cell 12, and the outgoing radiation side polariscope 17 is arranged. Polariscopes 
1 1 and 17 constitute the rectangular linear polariscope by which rectangular arrangement was carried out. 
[0007] The liquid crystal molecule 18 is the refractive index neLC high in the direction of a major axis. It has and is 
the low refractive index noLC homogeneous in a flat surface perpendicular to a major axis. It has. Here, it is a 
refractive index ne. Refractive index no neLC >noLC which has a large value. It is formed in the direction 
perpendicular to a substrate by the optically uniaxial optical medium which has an optical axis, and the optical 
compensating plate 16 is the refractive index necomp of the direction of an optical axis. Refractive index nocomp 
of field inboard necomp <nocomp chosen small. 

[0008] That is, the liquid crystal layer 14 has forward optical activity, and the optical compensating plate 16 has 
negative optical activity. Optical activity forward [ these ] and negative optical activity compensate mutually, and 
expand the angle of visibility of a liquid crystal display as a result. 

[0009] In the configuration shown in drawing 3 , it is necessary to use an optical medium with a low refractive 
index in the membranous thickness direction. Such an optical mediimi still has a problem in a production process, 
and cannot be mass-produced easily. 

[0010] Drawing 4 shows other gestalten of an optical compensation device. Substrates 13 and 15 constitute a liquid 
crystal cell on both sides of the liquid crystal layer 14, the optical compensating plates 22 and 26 are arranged on 
the outside, and polariscopes 21 and 27 are arranged fixrther on the outside. The hquid crystal cell 12 is the same as 
the liquid crystal cell shown in drawing 3 , and in the condition of not impressing electric field, the Uquid crystal 
molecule 18 is arranged ahnost at right angles to substrates 13 and 15, and has forward optical activity. 
[001 1] The optical compensating plate 22 has an optically biaxial optical anisotropy, and the refractive indexes nl, 
n2, and n3 have the relation of nl>n2>n3. The shaft which has the smallest refractive index n3 is arranged in the 
diickness direction of the optical compensating plate 22, and the shaft (y-axis) which has the biggest refractive 
index nl, and the shaft (x axis) which has the refractive index n2 big next are arranged at the field inboard of the 
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optical compensating plate 22. 

[0012] Other optical compensating plates 26 consist of optically biaxial media which have the refraction train of 
nl>n2>n3 like the optical compensating plate 22, and the shaft which has the smallest refractive index n3 is 
arranged in the thiclaiess direction of the optical compensating plate 26. 

[0013] Moreover, the shaft orientations which have the 2nd refractive index n2 of the optical compensating plate 26 
in the direction of the y-axis in which the refractive index nl greatest with the optical compensating plate 22 has 
been arranged are arranged. Therefore, in the direction in which the big refractive index n2 is arranged with the 
optical compensating plate 22 the 2nd, the greatest refractive index nl is arranged with the optical compensating 
plate 26. 

[0014] If the optical compensating plates 22 and 26 are set and considered, the refractive indexes of the direction of 
a X axis are nl and n2, the refractive indexes of the direction of y will be n2 and nl, and the optical property of field 
inboard will serve as homogeneity mostly. Moreover, the refractive index of the direction of llie z-axis is the 
minimum refractive index n3, and constitutes negative optical activity as the optical compensating plate 22 and the 
26 whole. 

[0015] The rectangular polariscopes 21 and 27 are arranged on the outside of these optical compensating plates 22 
and 26. The polarization shafts PI and P2 of these polariscopes 21 and 27 are arranged in the direction which has 
the include angle of 45 degrees in a x axis and the y-axis. 

[0016] Thickness is selected so that the optical compensating plates 22 and 26 may produce the phase contrast 
(retardation) of wavelength about the polarization component of the direction of a x axis, and the direction of the y- 
axis, respectively (1/4) preferably. 

[0017] The combination of a linear polariscope and a wavelength plate (1/4) constitutes a circular polarization of 
light machine. Moreover, if one side is dextro-rotatory, as for the configuration which the size of the refractive 
index of field inboard reversed like the optical compensating plates 22 and 26, another side will serve as 
levorotation. 

[0018] Drawing 5 shows other gestalten of the optical compensation device in which an angle of visibility is 
expanded. The point that substrates 13 and 15 are arranged on both sides of the liquid crystal layer 14, and 
constitute a liquid crystal cell 12 and the rectangular polariscopes 21 and 27 are arranged on the outside of a liquid 
crystal cell 12 is the same as that of the case of drawing 4 . 

[0019] In this configuration, the retardation plate 32 arranged between a liquid crystal cell 12 and a polariscope 21 
consists of optically uniaxial ingredients which have an optical axis in field inboard (the direction of a x axis). 
[0020] Moreover, the retardation plate 36 arranged between a liquid crystal cell 12 and a polariscope 27 consists of 
optically uniaxial media which have an optical axis in the field inboard (the direction of the y-axis) which intersects 
perpendicularly. In addition, the arrow head within the field of the retardation plates 32 and 36 shows the extension 
direction in a production process. 

[0021] If the retardation plates 32 and 36 are considered collectively, the retardation plates 32 and 36 constitute the 
optical medium which has negative optical activity as a whole. Moreover, if the retardation plates 32 and 36 are 
made into the thickness which gives the phase contrast (retardation) of wavelength, respectively (1/4), the 
combination of a polariscope 21 and the retardation plate 32 constitutes a dextro-rotatory circular polarization of 
light machine, and the combination of the retardation plate 36 and a polariscope 27 constitutes a levorotation 
circular polarization of light machine. 

[0022] Since the configuration of drawing 4 needs an optically biaxial optical material, the manufacture process 
complicates it. On the other hand, since the configuration of drawing 5 can be constituted using an optically 
uniaxial optical material, the manufacture process becomes easy. 

[0023] If three above-mentioned configurations are compared only within the field where contrast becomes 5:1 
about an angle of visibility, in the configuration of drawing 3 , an angle of visibility will become about 25 degrees 
in the configuration of drawing 5 about 30 degrees about 50 degrees in the configuration of drawing 4 . Moreover, 
in the case of drawing 3 , in the case of drawing 4 , the permeability to the vertical-incidence Ught of all 
configurations becomes about 2.5% about 2.5% about 1 .5% in the case of drawing 5 . 

[0024] That is, permeability is low, although an angle of visibility will become large if a liquid crystal cell is 
compensated with the optical compensating plate which has the negative optical activity of one sheet shown in 
drawing 3 . 

[0025] If a circular polarization of light machine is constituted combining a linear polariscope, an optical 
compensating plate, or a retardation plate like drawing 4 and drawing 5 and it arranges on both sides of a liquid 
crystal cell, permeability will increase about 50% or more. However, an angle of visibility will become narrow. 
[0026] Moreover, in the configuration of drawing 3 - drawing 5 , what it is the easiest to manufacture is the 
configuration of drawing 5 , and an angle of visibility will become still narrower in this case. 
[0027] 

[Problem(s) to be Solved by the Invention] According to the Prior art, an angle of visibility is large and it was hard 
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to acquire the optical compensation means for perpendicular array-type liquid crystal displays by which 
permeability is high. 

[0028] The purpose of this invention is offering the perpendicular array-type liquid crystal display equipped with 
an optical compensation means the optical engine performance of a liquid crystal display being improvable. 
[0029] Other purposes of this invention are offering the possible optical compensator for perpendicular array-type 
liquid crystal displays of raising permeability, without manufacture constituting a circular polarization of light 
machine, and reducing an angle of visibility using an easy optical member. 
[0030] 

[Means for Solving the Problem] The liquid crystal cell which has the forward optical activity to which a nematic 
liquid crystal arranges almost at right angles to a substrate, and uses a direction perpendicular to a substrate as an 
optical axis in the condition that the perpendicular array-type liquid crystal display of this invention does not 
impress electric field. An optical compensation means to have the negative optical activity which adjoins a liquid 
crystal cell, is arranged and uses a direction perpendicular to a field as an optical axis. The 1st retardation plate 
which it is arranged [ plate ] at said one liquid crystal cell side, has [ plate ] the forward optical activity which uses 
the one direction within a field parallel to said substrate as an optical axis, and produces the phase contrast of 
wavelength mostly (1/4), The 1st polariscope which is arranged outside the 1st retardation plate and has a 
polarization shaft in a field parallel to said substrate in the direction which makes the optical axis of said 1st 
retardation plate, and the include angle of about 45 degrees. It is arranged at the another side side of said Uquid 
crystal cell, and has the negative optical activity which uses an almost parallel direction as an optical axis to the 
optical axis of said 1st retardation plate in a field parallel to said substrate. It is arranged outside the 2nd retardation 
plate which produces the phase contrast of wavelength mostly (1/4), and said 2nd retardation plate, and has the 2nd 
polariscope which has a polarization shaft in the direction which intersects perpendicularly with the polarization 
shaft of said 1st polariscope mostly in a field parallel to said substrate. 

[003 1] Moreover, the optical compensator for liquid crystal displays of this invention With the plate of the optically 
uniaxial optical medium of the pair arranged on central structure including an optical compensation means to have 
the negative optical anisotropy which uses as an optical axis a direction perpendicular to the substrate and field of 
the pair which demarcates the space in which liquid crystal can be held, and said central structure One side has the 
forward optical activity which uses the one direction within a field as an optical axis, and another side includes a 
phase shift means to have the negative optical activity which uses a direction parallel to said one direction as an 
optical axis. 
[0032] 

[Function] The 2nd retardation plate and the 2nd polariscope which constitute the 1st circular polarization of light 
machine, and have the direction of an optical axis in a field with the 1st retardation plate and the 1st polariscope 
which have the direction of an optical axis in a field constitute the 2nd circular polarization of light machine. The 
permeability of the whole liquid crystal display can be improved by this configuration. 

[0033] Moreover, the 1st retardation plate is constituted fi-om an ingredient which has forward optical activity, and 
the 2nd retardation plate consists of ingredients which have negative optical activity. 

[0034] An angle of visibility can be maintained at a big value by combining these circular polarization of light 

machines with an optical compensation means, and using them. 

[0035] 

[Example] The hquid crystal display by the example of this invention is shown in drawing 1 . A liquid crystal cell 
10 holds the nematic liquid crystal layer 4 among the substrates 3 and 5 of a pair. The liquid crystal molecule 8 of a 
nematic liquid crystal has a high refractive index in the direction of a major axis. In the condition of electric-field 
OFF, the liquid crystal molecule 8 is arranged almost at right angles to substrates 3 and 5. 
[0036] Setting in this condition, the liquid crystal layer 4 is the refiractive index neLC high in a direction 
perpendicular to substrates 3 and 5. It has and is the refi-active index noLC uniform to substrate side inboard, and 
low. It has. That is, the liquid crystal layer 4 has forward optical activity. 

[0037] The optical compensating plate 8 which has a negative optically uniaxial optical anisotropy with the small 
refi*active index of the direction of a perpendicular (Z) with Men in one liquid crystal cell 10 side is arranged. The 
negative optical anisotropy of this optical compensating plate 8 compensates the forward optical anisotropy of the 
liquid crystal layer 4. 

[0038] The retardation plates 2 and 6 are arranged on the outside of a liquid crystal cell 10 and the optical 
compensating plate 8. The retardation plate 2 is the refi-active index ne higher than other directions to the one 
direction within a field (the direction of a x axis). It has the optically uniaxial optical anisotropy which it has. 
Moreover, the retardation plate 6 is the refi-active index ne lower than other directions in the direction of a x axis 
which is the same direction as the above-mentioned direction of an optical axis. It consists of optically imiaxial 
optical media which it has. 

[0039] That is, the retardation plate 2 has the forward optical activity which has an optical axis in the direction of a 
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X axis, and the retardation plate 6 has the negative optical activity which has an optical axis in the direction of a x 
axis. The retardation of both the optical compensating plates 2 and 6 disappears as the whole. The rectangular 
polariscopes 1 and 7 of a pair are arranged on the outside of the retardation plates 2 and 6. The polarization shafts 
PI and P2 of these polariscopes 1 and 7 are arranged in the direction which makes the include angle of 45 degrees 
to a x axis and the y-axis, respectively. 

[0040] To the retardation plate of the envelope polariscope of the pair by the Prior art carrying out rectangular 
arrangement of the thing of the same property, the retardation plate of this example arranges the direction of an 
optical axis, and arranges the optically uniaxial medium which has a reverse property. 
[0041] The thickness of the retardation plates 2 and 6 is chosen so that the phase contrast (retardation) of 
wavelength (1/4) may be produced preferably. (1/4) When producing the phase contrast of wavelength, the linear 
polariscope 1 and the retardation plate 2 constitute a dextro-rotatory circular polarization of light machine, and the 
retardation plate 6 and the linear polariscope 7 constitute a levorotation circular polarization of light machine, 
[0042] Drawing 2 is a schematic diagram for explaining actuation of the liquid crystal display of drawin gj. . The 
light which carries out incidence to a polariscope 1 from the exterior is changed into linear polarization by the 
polariscope 1. Since the polarization shaft PI of a polariscope 1 has the include angle of 45 degrees to the direction 
of a x axis, and the direction of the y-axis, if the polarization component of the direction of a x axis and the 
direction of the y-axis is considered, as shown in drawing 2 (A), the polarization component of in phase and equal 
reinforcement will be obtained. 

[0043] If a retardation plate with the high refractive index of the direction of a x axis is selected so that the phase 
contrast of wavelength (1/4) may be produced for the thickness of through and a retardation plate, about the light 
after passing a retardation plate, the polarization component of the direction of a x axis will be overdue by 
wavelength (1/4) to the polarization component of the direction of the y-axis. 

[0044] That is, if the polarization component of the direction of a x axis is overdue wave (1/4) length as shown in 
drawing 2 (B), a polarization component will serve as the circular polarization of light rotated in a field as shown in 
the left-hand side in drawing. 

[0045] When the refractive index of the direction of a x axis is low, the polarization component of the direction of 
the y-axis is late for the case of drawing 2 (B), and reverse to the polarization component of the direction of a x 
axis. For this reason, the polarization components Ex and Ey as shown in drawing 2 (C) are obtained, and the light 
as these composition rotates in a field, as shown in the drawing 2 (C) left-hand side. 

[0046] By such configuration, permeability can be made high with about 2.5%, making an angle of visibility large 
with about 50 degrees. 

[0047] For example, the retardation plate 2 which has forward optical activity is formed by the polycarbonate film 
extended to the one direction. The thickness of this polycarbonate film is chosen so that the phase contrast of 
wavelength (1/4) may be produced. 

[0048] Moreover, the retardation plate 6 which has negative optical activity consists of polymethylmethacrylate 
(PMMA) fibn extended to 1 shaft orientations. It is chosen so that the thickness of this retardation plate 6 may also 
produce the phase contrast of wavelength (1/4). Distribution of the refractive index of these ingredients is 5% or 
less in a 440 to 700nm visible region. 

[0049] Moreover, the value of the parasitism permeability T which may be produced by distribution of a refractive 
index becomes T<sin2, i.e., (0.0125pi), T< 0.2%, and can be restricted to what hardly affects actuation as this seed 
display. 

[0050] Although this invention was explained in accordance with the example above, this invention is not restricted 
to these. For example, probably, it will be obvious to this contractor for various modification, amelioration, 
combination, etc. to be possible. 
[0051] 

[Effect of the Invention] As explained above, according to this invention, manufacture is easy, an angle of visibility 
is large, and a liquid crystal display with high permeability is offered. 
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[Drawing 1] _ 
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[Drawing 2] 
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[Drawing 4] 
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^enADL/£v^4^fg{c*5i,>r?K^5^^i Brtatgi 3, 1 
(001 11 3t^ffi««2 2(4. -*ftttro5t^^:^tt^ 

=fi"L, -?-<0®tfT*n 1 . n2. n3»4. nl>n2>n 
3<OBafi^SrWi-S<, *t>'^^<'^a^^^n 3S:^-rS$*i6S 
^#M«t«2 2©J*$;^|pHcBaB$H. ''iffltfr 

(x«S) ;JS^^ffi««2 2c7)ffirt:^(6HcS£«$ix 

(0 0 121 <a03t^*l««2 6t4, )t^««tS2 2 t 
PlltfC n 1 > n 2 > n 3(Om^¥\i:-^-t^-m'A^WX' 

( 0 0 1 3 1 * fc. ^^tt itts 2 2 X'mi^nm.mm n i 

755ie@$tLfcy$ft:^|fi](c:. pt!^MtS« 2 6 (D 2 # S ©ffi 
»T*n 2Sr^-r5*4:fr[6l;i5geo$tuSo LfcTi^oT. 3fe 
50 #^t8tS2 2r-2#i{C±#/iSSf^n 2*SieB^iT"5 
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3 

10 0 1 4] ^^tt'(itg2 2. 2 6 ^■g-*:)-&-C%^-5 
i:> xtt:^[6j(Oet(T^lin 1 i: n 2-C*>!5, y^^<r>m 
t)T*lin 2 i: n 1 T'fct). ffirt:^[^03)t^!i$'tt(itJI?*& 

T*fc !? . tft^mf^m 2 2. 2 6 LT:ft W^t^^Stt 

[0 0 15] m^*^««tg2 2. 2 ero^fiJlciS^ 
®?tS2 1. 2 7;65Ka$tv5o r4xfeii*f§2 1, 2 

[0016] ^^ti-fS^S 2 2. 2 6 fiif * L < (i X f4:fr 
y$ffi*Ifi]©(i3tA£;^i-tCiaL, ^tvm (1/4) & 

[00 17] V=^TM%mt (1/4) 

[0 0 18] 0 5(4. mmn^w::k^?>^^mmmm(n 
immm^^-to m^mmi 4 srs^Ay-ests i 3. 1 s^js 

BE«$^^. ^ffiir/H 2?lrfl?fifeL. m^-t/ui 2 0^1-ffliJ 
»cE3^fi3>tS§ 2 K 2 7dSgatS$n5^f4. lil4(D^'g- 

[0 0 19] *«fiK^c:*5^^Ttt. 2 tm^ 

2 i ro|Sfrg2g$tisy iJ'— 7^— >3>^3 2J4, ffirt 
(xtti:^|6]) ^c^ttt^4^*i-5-^lll^4«■^s^-e1»fi£$^^ 

So 

[0 0 2 01 fK^B-fe/H 2 i:^^t^2 7©rHlt::K 

/i*>. y iJ'-T'-v/g v-tga 2. 3 6 cosrto^EfHiSa 

[00 2 1 ] y iJ'-x-v'a i^tRS 2. 3 6 ^W-arT% 

;t?)i:. y ^— r-->3 VtRS 2. 3 6tt^#:i:L.T* 

■r-v^3>*g3 2. 3 6^^th^'tl (1/4) &ftco-(£ 
ffiiS (y^J'-x-i^a:^) Sr#^.5Jf ^ir-j-St. ffl^fe 
l§2 l.t y i^-T-'-v-s :/tg3 2rote;f;.-^*;.-B:^5:&igf4 
P3<B^ltSr«^U. y<5'-7='-->ai^«3 6<!:(i5t^2 

10 0 2 21 Ei4<^fli^tt. -^i§i%^mnt:i^^wt-r 
ID 5 <Dm^n-n^^m^n^m\>^xm^x-^ ^(ox\ 

(0 0 2 31 ^SF^Sr^J V h7>^ ht^5 : 1 t^iS®^ 
Jcpgo-C±5jficD3o<D|g^Sr]:bl!^-f St. ElSO^^^Jc 
fcl/^TW:Srt**J5 OS. lll4<0^«J*ti*5^^T(4**)3 0 
S. E)5K»1j|fiKJwt3(,>-r«**)2 SSir/iS, ^« 



4 

%. i2i4©^-&. m2. 5%. lasom-g-. *^2. 5% 

[00 241 -T'ii^*,. |g| 3 »Cl:^-t- 1 tfcrorfttojt^fi&tt 
[0 0 2 51 1214. ll]5roJ;5{-y ^Tii^llt^^T:^ 

5o * 

[0 0 2 6.1 03~E15«1?ffigtC*5l,^-C. St>S! 

jtU^I'^<©ttia5 0«^-Cfct}. r<0^. ti»^f4$ 

[0 0 2 71 

[^MdSi»*LJ:5i:i-SSffil t¥5lE(Dfi^^fi(:: ittfj. 

co^^mm^^mm^ < ^o ^ 

(00 2 81 *^9^coS6<?f±. «ea«*3fiScO)t^6<jtt 

[0 0 2 91 ^^m<Dm(Dnmt. mm^m^ti^m^ 

(0 0 3 01 

(«fflSrftl*i-Sfc«><0^^1 *^PJ(Z>fiiSE?iJS^fB 

;65Stg{cfS(?Sii:{cg£?iJL. StgirSil'tc^lSi^^fetE&t 

iE(D)fe^ett^^L. (51? (1/4) feftC9{£*gMSr4 
C^-lirS^l y i^-x-v-a v^t. ^1 D^-y^-i^ 
3 >'iSJ: 19 ^<IiJ('SB«^n. mmm^tW-ff^mfhXm 
fS^ l y i?— 7=-->-a v^ro^tti(5(?4 5Sro:^^«=Sr 
>k-t-:^[6]{:iiH^ib$r*rl-S^liiit^i. HMBfKfB-fe/i- 

40 1 y i?— T-'-v-a >'^(D^mcM\^x^mw■n^£:^^^ 
^tti:-t-SA<^?fe^ftttSr^L. (5(J (1/4) jSft<0 
tt*BMSr^i:$-frS^2 y ^'-t'— >3 V-^t. HulEm 

2 y i?-x-v'3 v^iij^i-wcias^n. HfiiBS«t 
(003 11 afc. :^¥^m<r>m^m7Pmm.m%^mmm 



4#Ba ^5-113561 



5 

[00 3 21 

[0 0 3 31 ^1 (Dy ^-x-i^a >'*S^iE<0)t 

[0 0 3 4 r ^tvb<onfi^^$r^^««#|gi:ef-B:T 
[00 3 5] 

Sr^-To ^SS-fe/HOfi. — >F|-<D*te3. SWffltc^-v 

^iJov^T, 8 (ists 3 . siwtsissetcffi^ij-r 

[0 0 3 6] r(Dt>t^t;i*Dl.^T. ?K^S4HS«3. 5 
[0 0 3 7] j^ft-fe/H 0<D-:ff(DmiiZ^tmm. (Z) 

^««4S8;^.56Hg$ ^^x^^2)„ r cD^^tt^^ 8 w 

[00 3 8] JKft-fe/i- 1 0 t 8 <0^1-ffliJlC(i y 

^-x-v-g >'tg2 i: 6^5geg$^^TV^5<, y^j^-f-'- 
->3>tS2tt. mfH(D—Jjf^ (xtt:^ifi)) {c{tfc(o:^rS]J: 

[0 0 3 91 y iS'-x-^a V«2f4x$ft:fy 

vtg 6 f± X #:tr(6]lc:?tlfiSrWr S:g(^jt^SttiSr^i- 
■5o i^it^«{StS2. 6©y^-x— >3 V»4^«:i:L 

1, 7WfS^fftPl, P2»l. itii'ixx^iiXXJ^y^ 
(0 0 4 01 t*3lt©e$B»Cj:5-3tt<D^V'<a-7'<B3t 



[004 1 1 y -t"- V- 3 ^-tS 2 . 6©J¥$(i. 
L<fl (1/4) iKft^tetSM (y iJ'-x-v'a >-) S: 
^tSJ; 5JcatR$H5o (1/4) iS«(D{at@M$r± 
CSit. y -TM^tSl t y ^— T-'-v-a ^tE2(±* 

[0042] 02 tt, mi (OSSS^^iSeroib^^^rtftBJ 

ii 1 P 1 tt. xl*:fr[6]t y$4:^[6]{C>!tUT4 5 

Sro^SSrW-rsfc*. xtt*[Si*5J:tJ5y«i:frifi]roiB^ 
fife5)-Sr%^i-st, 1112 (A) tc:^-f-J;5tils)+s-e^L 

[0 0 4 31 x«l:^[6]COffi5T^;dSigV>y tJ'-v'-v'a V 
tSSriiL, y^'-7'-v^3>'«Ol¥$Sr (1/4) Jfeft 

rotetB^^r^tc?) y^-T^-v/gV 

yi|>lli:^|6lWM^fi)c3>tcMLr (1/4) ' 
20 [0 0 4 41 i-^it)^. 02 (B) td^fJ; 5t-. xtt 
(1/4) mWMi^?>t. 

[0 0 4 5] xtti:^[6]©JSt(T*;dSigV'>^tc:t±, 1112 

(B) (om'^tmzx^^\^(Dmyt^^\zMi^xy^:fj 

fS]cOii^^^;65gtvS„ Z(Dtcib. 1212 (C) tc^-TJ: 
1112 (C) ;fc{ffl(c:^-rJ: 5(wffirt-ciiltei-S. 

[004 61 :i<DXo^m^\zx'o . um^^^msom 

[004 7] tit ^tS. jE«>3t#e'l4**i-^ U^—y" 

-e?K^$^^^o :icD7}f y *-7K^^- H^co^fffi (i/ 

[004 81 :ftc03t^ettSrWi-'5 y ^-t'-V 

3Vtg6H. ltft:^|fi]lc|C#Lfc^y y U 

-h (PMMA) MT-«^ig$tu^o wWy i?-T'-->3 
>-«6WJ¥$t> (1/4) jSt«<Otj5:>BMS:4C5 J: e>Jc 
Jl*^$i^5,• :iixt)©*l-^OJSJJT*©:5>»fi. 4 4 0 n 

[0 0 4 91 aST^(^iJ^Sic{Cj:t)^i:i#S1f:tg 
ii^TCDffif*, T< s i n2 (0. 0 12 5 w) -T^it) 
*>. T<0. 2%i:'^fl3. roa^^get LTWjf^JC 

[0050] u±mmmizfQox^^mi:mB^ i^tcAK 

[00 5 1] 
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(1212 1 m\<DW.^^7r^mm.nm'ff-^Wm't^f:.t>(n>if 



[@1] 




(5) 

8 

iai2iT&-5o 

2. 6 Jt#M«*S 

3. 5 WSl 
4 

8 

10 10 WL^-^f^ 

[1112] 



(A) 'j-trajts 




tl tZ t3 ti tS t6 tf 



(B) (l/4)aitlS 
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0^130 

(1/4) &ft(D{41=aM3r;tD$*5mi y cJ'-t^--^ 
/4) jSft<0tt+iMSr;tC$ii:5ll2 y ^— r-v-g 

[0 0 0 1 1 
[000 21 



[0 0 0 3] ?K^-fe>'UtC^JEd5Pn*P$tt/fcl'^:^7:KJi{^ 
[0 0 0 4] Stgtc^LTSii:/i^co^-&fi 

4^tli©Ste $ x.^ C ^ J; 5 f;i 5, 
[000 51 r (Ofc*. ^ll:»-dF-dss«*ffitc{ijiSia 

[000 61 III 3 fi. fta:i£jpis®s«*isero3t^a 

m<r>-mm^^-^o lEl3{w^o^,^T, AMiJ«{i3tl§i 1 

t;i«gV^-C, «tgl3, ?K^M14. StSl 5&fflt/>Tfll 

¥^Ttc3t^««« 1 6 i>mw^in. m*rffi!MS3fcgg 1 7 
iBg^ixTl^5o 1 t 1 7»i. Sl^JciS^ffifi 

[000 71 m^^^ 1 8 Sttr^lSjl^liSV^fflJf^n 
etc S-WL. ft«b{Cftit/iTffil^-C*S)Mi'«f<Sl'^SifT*n 
oLC SrW-rSo r r-e. ffitfT*ne ttffiW^no J: "9 t> 
:^tV^ffi^W-t-S. neLC > noLC » 1 6 

StfT*nocoinp i^'O h'h^<m^^i\.X\<^^. riecomp 
^ocomp o 

[00081 -t-'iCi5*>, 1 4 tt3E(D^^}£'ttSrW 

[000 91 04 5t#««t«l«ro*!i(OMffi*^-f-o 

S« 1 3 , 15 tm^sM 1 4 <^^A.T'?^fB-tr/i'^1»^ 

\z^(Di^m\zm%^2\. 2 7mm^ixx\'^^. m^s 

=^P^ARb/<f^^^^ffi^c*5l,^T?SfB^>T■l SttStSl 3. 1 

[0010] it^m'^m 2 2 rt. -ttitt<^^^s;^tti^ 

Wb. -?-<OJBt»T*n 1 . n2. nStt, nl>n2>n 

3(D^^,Sr*-t-S<. *t>/h$l/^ffit)T^n 3 ^^r-r?)tt*5 

^#«m«2 2<DJ?$;^|6]tc:gaB$n< a'b;^#/j:etfT 
^nlS:*i-5$A (yW) . i<Jc»C:*:#/i®tfr^n 2 

(x W *55t^*SfS«2 2«DBrt:^|SHc:iafi$tu 

[001 1 1 te<0^^««tS 2 6 ^^«^tg 2 2 t 
n 1 > n 2 > n 3 cOJSlfr?iJ=SrW-r -5 "ttllftjKi^-C 



(8) 



(00 121 t.tc. %^mmm2 2x-m±(omtfrmn i 

[00131 3t#M«« 2 2.2 6 ^-^ib^irxn^^ 
x|4:^[S](Offitff^fin 1 t n 2T-fe<9. y*-|iS](OS 
tlj^fin 2 t n 1 T*&t) . ffirt:^!S](7)^^#t±tt(JI?*D 

-efo ►) . 2 2. 2 6 t LTA<03t#Stt 

[0 0 14] ^tl-e3^^liiltg2 2. 2 6©^ffiiJ(CiI^5 
m%^21. 2 7;6Si^gSj^■5, :iti-e><B3fe»2 1 . 2 

[0 0 1 5] 3t^tt«;K2 2. 2 6fi»*L<ttxWi:^ 
iSjt y«i:fr|6]co<B^^^>fcBaL. ^^^^^^ (1/4) St 

[0 0 161 y=TiB)tlii: (1/4) jSft^irWM^^f 
2, 2 6©J; 5{-ffirt:^l^(0)gt)f#so:'c/h;65Ktebfc1» 
[0 0 171 BlSf*. igR^?S:!!J::fe-r53t^ffi«a«0 

mcomm^^-To m^m 1 4 ?r*^/^T-stg 13. 1 5 

Ji^fB-feW.l 2$r1t^L. jKiPe-fer^H 2 cD^« 
»ciE3Jfi^S2 1. 2 7*^158 ^tuS-^fi, m4<Dm^ 

[0 0 181 ;*:^iJ5K^cio^^T^i. JgS-fe/n 2tU%^ 

2 i(om\^mm^iv?}V i'—7'-'y3>'U3 2i-i. art 
[00191 sfc. m^±^^ 1 2 i {i*^ 2 7 wrfl{-ia 

/<f*5\ y ^-7="— v-g ^-tRS 2. 3 6 Wffirt<O^EPl4ii 

3t *5 1 1 2) ® # * (6] ^ ^-To 
[0 0 2 01 y ^7— t"— v'a :^tS3 2. 3 6 iSrW*r^ 
^-Si, y X— ^3 >-ffi3 2, 3 6t4:^#:t bT:ft 

r— v'3:/tg3 2. se^tirt't'ti (i/4) iSftote 
tSM (y i^-T^-v^a i^) S:4-^^ff$i:-t?)tx «^ 
512 1 t y iS'-T^-v-g >'tE3 2 CDi(si;^-^t?ii:*s*jiSt4 
R«3tlgSr1Sfifi;L, y^-x-->3>'«3 6<!:<13t:§g2 

[0 0 2 11 114 ©fll^li. -tttt^^W3^?rii«Si:-t- 



m 5 cD«fiK»4-tot4?fe^WI^5rffli'^-ClifiK-e# SWT?. 

[0 0 2 21 !iS^:^^=>>' h;4S5 : 1 tfj:i>^i$ 

twPfioT±5&<0 3oro«fiS;SrJtt!lft--5i:, Iil3(0«fig;»w 

*Jt^TtaU:ftttl^5 0^. [214ro^^l'*3l^T(4^^3 0 

a. i2i5toii^tc:dov^T(4it)2 saEir/iSo ±m 
mi. 5%. iii4<o#-&. j^2. 5%, msoym 

■B. m2. 5%i/i?)o 
(0 0 2 31 -r'i*:?*5. 0 3 iCTfi-r 1 tfetOA<7)3t^fi&tt 

^mir^^^mm^x'm^B±^i^t:^m-ri>t. ^m-ki^ 

(0 0 2 41 134. m5(DX^\'V~TUtft^t%'mm 

[0 0 2 51 lil3~|ll5©^#^^c4oV^T, 
[0 0 2 61 

(0 0 2 71 *^PJco 16^(4. fSfB^/T^S«(0^#6<]tt 

[0 0 2 81 ^^m(Di&(DB^i-±. m'^imsi^i^^u 

(0 0 2 91 

iEcD3t^Stt§r^L, (51? (1/4) )feft(7)firtilS5r^i 

i^^-tt^s^i y iS'-T^-v'a iiiy^-x--> 

ISm y tJ'— r-v-a >'«<0^i*i»5l?4 S^Ot^iafSr. 

<om.^o:>m\z.^m.^ix. mummt^nfmp^x-mmw, 

)tttl2:r5:*©^#SttSrWU, JiJ? (1/4) iK*«> 

{4tB^5r;tC$-li:5^2 y iS'-x-v'a v-tgt . mifS^ 
2 y ^-T-'-v'a vtSJ; •J^ftiJlcKB^ix, HtilEaSi 
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' [0 0 3 0] Sfc, *|gBJc75^fB*.T;iSBffl)t^««i? 
[0 0 3 1 1 

[0 0 3 2] ^Itoy^?— r-->3 vS=SrjE<D^ 
[00 34] 

[HiSfisji Elite. :^^f^<omMMizx^m^^7jimm 

^^■to ?gS-fe/H0(±. — >ffCDS^S3, 5CDR(-^-v 
^■;/j??fifB%M4Sri|X^i-5. ^-^f" s' iJ' ?e?B^BW^Ka%^>^=■ 
8 f*. fitti:^|fiH::iS^^«ST*Sr«-r5. m.^yi-y<D^m 

[0 0 3 5] Z(D'.i^mii^iS\^^X. jKSS4liX^3. 5 
{c:Sit>i:^|n|ftKi/''SSf^neLC S^ffirt*^!*] 

[0 0 3 6] fS^fe-fe/H 0(^— :^<DfliJ{;iffii:Sil: (Z) 

[00 3 7] ?i$^-ir/i' 1 0 t%^mmwi^<r)^\m^{± y 

->3>tg2tt, m^(o—^\n\ (xtt:^|p]) (c{t&(0:^(B] J; 

•5o i5i)t^:ffl«|S2. 6(Dy ^-t'-->3 vti^^t L 
-Ctti-gjSSi-S, y tJ'-T'-v'g >«2. 6ro^{|iJ(c»±- 



1, 7(75{S)t#Pl, P2H, -?:*x-t*Hxtt*5J:tJ!y$i 

{C4 s^(D'^^-^tj:-t^n\^mm.^ix^^ 

[0 0 3 9] %^(Dm^\ziii>-n<o=^>-<a~-:ru% 

-&fct,(0-efo-5(D{c:>F)-L. *IIJS0iJcD y ^— 7^— v^g >' 

[00401 y iS'-T'-Vg >'*S2, 60ffStt, iff* 
U<H (1/4) j^*cDteta^ (y iS'-x-v-g V) 
i^CSJ; 5te51S^$ti.^, (1/4) iSftcD^1=BM$r^ 
y ^^T^l^tlgl t y ^-r'-i^a v«2{i:& 

jgttn«^ii5r«figL. yiJ'-x-v-gv^et y=T 

[0041] 02 01 co?^S^ir:^a<Oibf^^UiPJ 

iB^|gUcJ;oTy =T<S3ttciEgi$tb5o iB^t 

^1 coiDttiP 1 (±. xtt:^(S]t ytt:;^iS)(c^!tu-C4 5 
m<D'^St^^-t^tcit>. xW:^[a)*5j;i^ytt:;^i«]<o{i3t 
^^?r^^i-5ir, 0 2 (A) tc;T^i-J: 5 J-P)*i-e^ U 

[0 0 4 2] xl4::^in](^ffit(T^i*^;Si'^y ^— X — v-s V 
^SriiL. y i?— r-Vg ^tgcDjf:^^ (1/4) jgft 
<0^*all^^C5<t5tc:a!£i-5i:, y^— r-v'aV 

yttl*(S]cDfi*^^tCpSfLT (1/4) )Sft5)-»tl,5o 
[0 0 4 3] -ttiib-h. 0 2 (B) Jc:^-rJ:5{c, xtt 
:fjm(OU^^^i>i (1/4) a!c*ii^^2)t. flskfife^^fi 

[0 0 4 4] x^ij\^(Dmmmr^i&^^m't\at. m2 . 

(B) (D^-g-i:i^tcxlft::^iS]<ofi5tfiS;:J>tc:^tLTyW:^ 

fS]<OM5tj^^)-/4SjlH5o Z<Dtcib. 0 2 (C) JC;^-r<t 

P'Jefi^t^^Ex, Ey;65^t^ix. CHbcO-a-^t UT 
cD^tt. 0 2 (C) iEftiJd^-r i 5 t-ffiF*9'eiH]te-r-5, 

[0 0 4 5] ^t^-iEcD^.^ 

SW:»;a-^g.y ^-v"— >g^^*g2»n^ =1. 5 5 
5. ti e =1. 5. figg (d) =2. 5»m. iFO^.i^ 
S#»-^^a??gfB-lr/l^l 0g)A n d F (n .ir - 
jLoLC ) X)S^1 ^l,.m. 

amig9(DAnd»-0. Sum. -acO^.^S^g-^&i- 

^y »-7^-v -3 >-;tg6»n.. = 1 ■ 5, n .. =1. 5 
5 5, mm (d) =2. Sum^Lfeg^, ->-S^U--> 
g>-tCJ:ixtf. jfe-SO. 5 5 utn(73».(Cx^L-r l&g^^ 
^50^ (j:^h-7^S=5: 1) ^J£< Loo. *»o 

oNjje^<D^ iia^»i^2. 5%t«<i-?)r 

So 

[0 0 4 61 /tir^ff. JE(Ditmm\ii:m-t^D^-7' 
TffM^tiSo :icD7ify h^(73^)¥(i (1/ 

[ 0 0 4 7 1 afc, :ft©3t^ettSr=ft-r?> y ^'-x-v^ 
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'-h (PMMA) ^t?*f^$ix5., -(DlJ^-v-'-'ya 
>'m6(Om$h (1/4) i 5lw 

StR^na. zixh(OUi^a:)mmm<D^WH-±. 4 4 0 n 

mi)^h 7 0 0 nm(D■BI^E^^^;IJb•^,^T5%tlT-efoSo 

[0 0 4 8] ^fc. ®tff*co:»-fS:tcJ;t)4i:.^#.5*±ig 
M^T<Dim±. T<sin2 (0. 01257i:) -t^Jiib 

*>, T<o. 2%tf£i!). L-cismc 

i: ^ t'!^^ X. V ^ t> $ijpg T' # 5 o 
[0 0 4 9] )il±IIIEe?iJ{^ftoT*^PJ$rIft?^ Lfc/!)5, 

[0 0 5 0] 

[l21ffi(DfB*/j:tJiP^l 

[1212] BIl(0?SSS*iga«)lbf^?^lttiq-r5fcfeW.i/ 

. [igi3i %^(Dijim\zx^m^^^mw<om^mi:7r:ir 

[04] tS5l5cDS$Sl;:J;5^^^^^Bro^tfigiSr^-t-^ 
!l0-CfeSo 

[05] m?fi<Dts.mi^ii6m^m^ms.<Dm^^^irm 

1. 7" (y=rfi3tig) . 

2. 6 3fe^*t«« 

3. 5 Stg 
■ 4 JS^g 

8 



1 0 ?gf^-lr/i' 
[#^ffliE3] 
[«E>**»«iSl 0ffi 
[^iE>^^]9g«] ISl 
[«iE:^?£l 

[01] 




